Endometriosis is a leading cause of pelvic pain and infertility in women. Laparoscopy can both diagnose and treat this disease. The aim of this review was to examine current literature on treatments for endometriosis for both pain and infertility. Evidence supports removal of severe disease, including ovarian endometriomas, for improved pregnancy outcomes. However, for patients that fail initial surgery, in vitro fertilization may yield superior outcomes over repeat surgery. For pelvic pain, surgery has been shown to improve symptoms although there is a significant placebo effect with surgery. Finally, hysterectomy can be offered to women who fail initial conservative surgery.
Introduction
Endometriosis is a disease in which endometrial glands and stroma are found outside the endometrial cavity. The exact prevalence of the disease is unknown because invasive testing is needed to confirm the diagnosis. In addition, much is still uncertain about this disease and its pathophysiology. However, many women with endometriosis will seek treatment for pelvic pain, infertility, or both. Laparoscopy has become both the diagnostic and therapeutic tool for managing this disease. In this review we summarize the current literature on the laparoscopic management of endometriosis for both infertility and pelvic pain. It is important to understand the staging system for endometriosis. Outcomes are discussed in terms of different stages (Fig. 1 ). Refer to this staging system throughout the course of this review. The basic concepts involve determining the extent of peritoneal disease, the involvement of the ovaries, and the extent of adhesions. We will address the management and outcomes of all stages of the disease in this review.
Laparoscopic Surgery for Infertility Associated With Endometriosis

MINIMAL AND MILD ENDOMETRIOSIS AND INFERTILITY
There is some controversy regarding minimal and mild endometriosis and its effects on fertility. Although many believe that stage I/II endometriosis can affect fertility in a negative manner, others feel that its impact is minimal. The Canadian Collaborative Group on Endometriosis examined the effects of stage I/II endo metriosis on fertility in the 1990s. They conducted a large multicenter prospective study that looked at 2 major objectives. The first objective was to compare the fecundity of patients with unexplained infertility and untreated stage I/II endometriosis. They found that the fecundity rate was 2.52 per 100 person-months in women with endometriosis and 3.48 per 100 person-months in women with unexplained infertility. Although this showed a trend toward decreased fecundity in women with mild or minimal endometriosis, it was not statistically significant. 1 The second objective examined by this group was what treatment of stage I/II endometriosis would do to the fecundity rates. Women who were diagnosed with minimal or mild endometriosis at the time of laparoscopy were randomly assigned to the treatment with excision or ablation or diagnosis only. The resulting fecundity rates were reported as 4.7 per 100 person-months in the group with treatment and 2.4 per 100 person-months in the diagnostic group. This study showed that fertility rates significantly improve after the removal of minimal and mild endometriosis. 2 The number needed to treat in the Canadian study was 9. In comparison, a similar randomized control trial was performed in Italy that compared diagnosis alone versus treatment of stage I/ II endometriosis. This study followed 96 women for 1 year and did not see a significant difference in birth rates between the 2 groups. The resection/ablation group had a 1 year birth rate of 10 out of 51 (20%) and the nontreatment group had a 1 year birth rate of 10 out of 45 (22%). 3 If you combine the Canadian and Italian studies, the number needed to treat is 12. If we assume that the prevalence of disease in an infertile population is 25% then 48 diagnostic laparoscopies would have to be performed for every extra pregnancy. There is reasonable evidence to treat stage I/II endometriosis when found during laparoscopy for an infertility workup.
Suppressive medical therapy such as gonadotropin releasing hormone agonists does not improve pregnancy rates. Laparoscopic removal of lesions can be carried out by using primarily ablative techniques or by excision. Either approach seems to give similar outcomes. 4 There is recent evidence to suggest that surgery for endometriosis before in vitro fertilization (IVF) does not improve outcomes. A retrospective review from Bedaiway et al 5 found that outcomes from IVF were not affected by time interval from endometriosis surgery.
MODERATE-TO-SEVERE ENDOMETRIOSIS AND INFERTILITY
Stage III/IV endometriosis can have significant effects on fertility because of marked anatomic distortion and adhesions that can result from the disease. Laparoscopic excision of disease can be used to treat infertile women. Several studies have examined the effect of surgical removal of extensive disease on fertility rates. Busacca et al 6 looked prospectively at patients with moderate and severe disease and found improved fertility rates most notably in women with stage III disease. Although these women had improved fertility rates, the monthly fecundity rate remained low at 2.4%. The effects of surgical removal seem to be most significant in the months immediately after the procedure. If a prolonged period of time has elapsed and the patient has not achieved pregnancy, then one must consider whether to reoperate or move on to IVF. If the treatment is solely for fertility and there are no pain symptoms, then repeat operation may not be the most effective therapy. Superior pregnancy outcomes have been documented in patients with moderate-to-severe disease that chose IVF over repeated surgery. 7 However, if the patient has both infertility and pelvic pain, then reoperation may aide in the treatment of both conditions.
A certain subset of women with severe endometriosis will have bowel involvement in the disease. One current area of interest is looking at the effects of removing bowel endometriosis on fertility
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outcomes. Daraı¨et al 8 retrospectively looked at 22 women desiring fertility who underwent colorectal resection for bowel endometriosis. Ten women achieved pregnancy after surgery with a live birth rate of 82%. Furthermore, 3 women in this study who had undergone failed IVF cycles became pregnant spontaneously after surgical resection. This study shows promise that resection of colorectal endometriosis may enhance pregnancy rates and outcomes. A recent prospective study compared open-bowel resection to laparoscopic resection in women with rectosigmoid endometriosis. This study showed improved pregnancy rates when laparoscopic resection was carried out indicating that perhaps a laparoscopic approach will less negatively affect fertility. 9 Although theses reports indicate a potential benefit on fertility after bowel resection, currently there is limited data on this matter and bowel resection can lead to complications. Two patients desiring pregnancy in the study by Daraı¨et al 8 suffered major complications requiring further treatment.
Rectovaginal endometriosis is a specific type of deeply infiltrating endometriosis that has the potential to cause significant symptoms in women. There are few studies looking at fertility outcomes in women with rectovaginal endometriosis. Vercellini et al 10 took 105 women with rectovaginal endometriosis and infertility and compared expectant management to removal of disease through laparotomy. In this nonrandomized study improved fertility outcomes were not seen in the surgical group. The cumulative 24-month probability of becoming pregnant was 44.9 in the surgery arm and 46.9 in the expectant management arm. In contrast, this study did show decreased pain scores in the surgical group.
OVARIAN ENDOMETRIOMAS AND INFERTILITY
One debated topic regarding endometriosis and infertility is the effect of ovarian endometriomas and their removal in fertility and fertility treatments. Several studies have supported the removal of endometriomas demonstrating improved fertility rates. In contrast, surgery can negatively impact the response of an ovary to gonadatrophins so that fewer follicles are recruited.
A theoretical risk in the surgical removal of ovarian endometriomas would be inadvertent loss of normal ovarian tissue. In addition, there is potential to disrupt ovarian blood flow during surgery leading to decreased functional ovarian tissue. However, despite these risks, it has been shown that spontaneous pregnancy rates can be improved after laparoscopic removal of endometriomas. 11 The more debated topic is whether surgical removal of ovarian endometriomas decrease ovarian response during subsequent fertility treatments, specifically IVF.
There have been several studies that look at the ovarian response to gonadotropins after laparoscopic removal of endometriomas. There are 6 retrospective studies that used patients with unilateral endometriomas and compared the number of follicles produced from the normal ovary and from the diseased ovary after the removal of the cyst. Three of the 6 studies did show fewer follicles obtained from the diseased ovary. 12 A recent Cochrane review looking at excisional versus ablative surgery for the treatment of ovarian endometriomas has helped provide some guidance for physicians. 13 The reviewers found 3 randomized control trials that compared these 2 surgical techniques. A primary outcome measured is subsequent fertility, either spontaneous or as a result of fertility treatment. The Cochrane review concluded that overall spontaneous pregnancy rates favor excision of the endometrioma with an odds ratio of 5.21. 13 The same Cochrane review analyzed the follicular response to ovaries during controlled ovarian hyperstimulation after
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Catenacci et al www.clinicalobgyn.com ovarian fenestration and coagulation or ovarian cystectomy. This study had 3 comparison groups. The first had unilateral endometriomas that were treated with laparoscopic fenestration and coagulation; the second group had unilateral endometriomas that were treated with laparoscopic cystectomy, and finally the last group had bilateral endometriomas that had one endometrioma removed by cystectomy and the other by fenestration and coagulation. The number of follicles documented after controlled ovarian hyperstimulation were compared between the normal ovary and treated ovary in groups 1 and 2. There was no significant difference noted between these groups. In addition, the third group that had bilateral endometriomas treated with different surgical techniques showed no significant difference in the number of follicles that were produced. The Cochrane review concluded that there is insufficient evidence at this time to state which surgical technique for treating endometriomas would be favored before controlled ovarian stimulation. 13 This report failed to show decreased follicle production in the diseased ovary regardless of the surgical method used.
Laparoscopic Surgery for Pelvic Pain Associated With Endometriosis
PELVIC PAIN
Pelvic pain continues to be a primary complaint for women presenting to the gynecologist's office. Endometriosis is believed to be one of the major causes of chronic pelvic pain in reproductive age women. In women undergoing laparoscopy for pelvic pain, endometriosis has been documented up to 33% of the time. 14 Pain symptoms attributed to endometriosis include dysmenorrhea, dyspareunia, and nonmenstrual pelvic pain.
Although the revised American Fertility Society (rAFS) scale is commonly used to stage the extent of endometriosis, it does not accurately correlate with the severity of pain symptoms. It is widely held that the depth of the lesion correlates more closely with pain symptoms. In a prospective, observational study, Porproa et al 15 examined 69 women in whom a laparoscopy was performed due to pelvic pain. They found that the severity of pain correlated with deep endometriosis on the uterosacral ligaments and extent of pelvic adhesions. Given that the depth of endometriosis does not necessarily affect the rAFS score, stage, and pain symptom may not be closely linked. Therefore, although studies may use this scoring system, it may not be as useful for classifying pain related to endometriosis. 16 Surgical therapy is often used for the treatment of pain due to endometriosis. The primary goal of a surgeon is to remove all visible lesions and adhesions, thereby restoring normal pelvic anatomy. Various surgical techniques have been described ranging from excision to ablation. In some instances, destruction of nerve pathways thought to be carrying pain fibers from the pelvis is also used (ie, uterine nerve ablation and presacral neurectomy).
The Effect of Laparoscopy on Pain Symptoms: All Stages of Endometriosis
Laparoscopy remains the gold standard for diagnosing endometriosis. There are a number of studies available to date, which analyze the success of laparoscopic intervention for pain due to endometriosis. Although these studies classify women based on the stage of endometriosis, the results are not necessarily stage-specific.
There exist several trials in the literature describing the efficacy of laparoscopic surgery on pain scores in women In contrast, where comparing physical signs of disease, the excision group showed statistical reduction in pain with a mean score decrease to 5.7 from 9 whereas the ablation group did not show a significant decrease with a score decrease from 9.7 to 8.1. Therefore, regardless of the type of laparoscopic treatment received, there was a significant reduction in pain symptoms at 6 months follow-up although physical signs of disease were better by excisional procedures. 17 This study implies that all visible disease should be effectively ablated including deep lesions. Jarrell et al 18 randomized 29 women with pelvic pain to a diagnostic laparoscopy with biopsy after excision of all lesions or no further intervention. The authors found that pain was significantly decreased in both groups, with no significant difference between them. These results suggest a potential benefit of ''sham'' surgical procedures.
Sutton et al 19 conducted a prospective, randomized, double-blind, and controlled clinical study of 63 women with endometriosis (stages I, II, and III) and pain (described as dysmenorrhea, pelvic pain, or dyspareunia). These women were assigned to either diagnostic laparoscopy or surgical treatment (ie, CO 2 laser vaporization of all visible implants, lysis of adhesion, and uterosacral nerve ablation). At 6-month follow-up, 22.6% of control patients reported improvement of pain symptoms, whereas 62.5% of treated patients reported improvement. The authors noted that when women with stage I disease were excluded, the results were even more favorable: 73.7% of patients achieved pain relief (odds ratio 8.04, 95% confidence interval of 2.12, 30.51). At 1-year follow-up, symptomatic patients received surgical treatment regardless of the initial procedure. Of the 20 patients who underwent treatment and had pain relief at 6 months, 10% had recurrence of pain. Of the 31 patients in the control group, 24 patients continued to report pain. Of these 24 women, 7 (29%) had disease progression, 7 (29%) had disease regression, and 10 (42%) had no change in their disease. 20 Abbott et al 21 prospectively randomized 39 women with histologically proven endometriosis to either a diagnostic laparoscopy or surgical excision through laparoscopy, followed by a repeat laparoscopy at 6 months. Women with all stages of endometriosis were included in the study. However, this study had fewer stage 1 disease patients than the Sutton study. Symptomatic improvement was seen in 80% (16 of 20) of the treatment group compared with 32% of the control group (6 of 19) . At 6-month laparoscopy, 45% of women in the control group were noted to have progression of the disease, 33% remained the same, and 22% improved. Although no subgroup analysis was performed, it is important to note that at least 50% of the women had moderate-to-severe endometriosis.
These 2 randomized clinical trials demonstrated several important principles. First, endometriosis surgery can improve pain symptoms in women with endometriosis. Second, there is a significant placebo effect of around 30% with this surgery. It should be noted that medical therapy also has a similar placebo effect. For example, in a recent randomized controlled trial with a tumor necrosis factor blocker, the placebo rate was also around 30%. 22 Finally, at least 30% to 40% of patients will have progression of disease if untreated.
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In an observational study by Abbott et al, 23 176 women with endometriosis were followed for 2 to 5 years after laparoscopic removal of endometriosis. The rAFS score was recorded for each patient. At the time of surgery, 14% were found to be in stage I, 28% in stage II, 17% in stage III, and 41% in stage IV. All pain scores, including dysmenorrhea, dyspareunia, and nonmenstrual pelvic pain, were significantly reduced. The subanalysis examining pain scores by stage suggests that there was a reduction in pain for all parameters, independent of stage. There was also an improvement in sexual function and quality of life. Dysmenorrhea remained the most common symptom after surgery for all stages. It was also noted that a rAFS score of >70 was predictive of requiring further surgery (P = 0.03). The chance of requiring further surgery was found to be 36% and nearly one-half of the women that had further surgery underwent a hysterectomy.
The Effect of Laparoscopy on Pain Symptoms: Endometrioma
Endometrioma is also a common cause of pelvic pain. There exist several surgical techniques for the treatment of endometriomas. The majority of the cases are treated laparoscopically. Simple drainage of an endometrioma with or without postoperative medical suppressive therapy results in an unacceptably high recurrence rate and is not recommended.
Fayez and Vogel 24 prospectively randomized 104 women to excision of endometrioma, stripping of the lining, laser ablation of the lining, or laparoscopic drainage alone. Of note, all women were treated with 8 weeks of danazol therapy after the first laparoscopic surgery and underwent a second laparoscopy to assess for adhesion formation 2 months after the completion of the all danazol therapy. It was noted that all women, irrespective of which intervention they underwent, had complete resolution of pain.
In the previously mentioned Cochrane review, one of the included studies by Alborzi et al, 25 women were randomized into laparoscopic cystectomy or fenestration and coagulation. Cystectomy was shown to have a slower recurrence rate of symptoms (pain and dysmenorrhea) and reoperation. At 2 years, 15.8% of women in the cystectomy group had a recurrence of symptoms (vs. 56.7% in the fenestration and coagulation group). In addition, 5.8% of women in the cystectomy group required follow-up surgery (vs. 22.9% in the fenestration and coagulation group). 13 The study by Beretta et al 26 also looked at pain outcomes comparing laparoscopic excision versus laparoscopic drainage and ablation. It was found that the patients who underwent cystectomy had a significantly lower recurrence rate of pain such as dysmenorrhea (15.8% vs. 52.9%), deep dyspareunia (20% vs. 75%), and nonmenstrual pelvic pain (10% vs. 52.9%). The cystectomy group also had a significantly longer time interval before the recurrence of the pain (19 mo vs. 9.5 mo). 13 Although several surgical techniques exist in the treatment of endometrioma, excisional surgery is associated with a reduced rate of recurrence of dysmenorrhea, dyspareunia, and nonmenstrual pelvic pain when compared with drainage and ablation of the cyst. Therefore, excisional treatment should be the favored operative approach for the management of endometriomas in the setting of pain. 13 Another study by Tjaden et al 28 also randomized women with stages III and IV endometriosis and moderate-to-severe dysmenorrhea to surgical treatment with and without PSN. The authors found that all the women who underwent resection of endometriosis without PSN (n = 9) did not have relief from midline pain. However, 15 of the 17 women who underwent PSN experienced relief. Candiani et al 29 randomized 71 women with stage III or IV endometriosis and midline dysmenorrhea to receive conservative surgery with or without PSN. The authors concluded that although PSN markedly reduced the midline component of menstrual pain, there were no significant differences between the 2 groups in the frequency and severity of dysmenorrhea, pelvic pain, and dyspareunia in long-term follow-up. Although the evidence shows a potential role of PSN, it is important to note that there are risks as well. The most common postoperative complications noted include bowel and urinary dysfunction.
THE EFFECT OF LAPAROSCOPY ON
There have also been several studies looking the effectiveness of LUNA is treating pelvic pain. The general consensus is that the LUNA procedure does not provide benefit when treating pain due to endometriosis. 30 
VALUE OF LAPAROSCOPIC HYSTERECTOMY IN PATIENTS WITH RECURRENT PAIN
There is a significant proportion of women that will undergo hysterectomy after initial conservative surgery for endometriosis fails to relieve pain symptoms. 23 One large retrospective cross-sectional and longitudinal analysis found that approximately 11.8% of women that initially received conservative surgery for endometriosis underwent hysterectomy in a 4-year follow-up period. 31 Shakiba et al 32 retrospectively reviewed the need for further surgery after laparoscopic excision of endometriosis (conservative surgery) or hysterectomy. The median follow-up in this study was 7.65 years. The patients with hysterectomies had significantly fewer subsequent operations. Time to reoperation is plotted by the Kaplan-Meier method (Fig. 2 ). This study also looked at ovarian preservation and its role in reoperation. Removal of both ovaries during hysterectomy reduced the risk of reoperation by 2.44 times, however, it was of marginal benefit in women under 40 years of age. This study demonstrated that over time, the recurrence of symptoms from conservative surgery is high and hysterectomy with or without oophorectomy can lead to better longterm control of pain.
Conclusions
Endometriosis is a disease process that can lead to debilitating pain and infertility. Laparoscopy is the gold standard for diagnosis and the primary means of treatment at this time. Evidence supports the removal of disease for improved fertility outcomes although it is unclear by how much. Excisional removal of ovarian endometriomas seems superior to drainage and ablation for both improved spontaneous pregnancy rates and improved pain symptoms. Laparoscopic treatment of endometriosis carries a long-term substantial relief of symptoms for a significant percentage of women. Laparoscopic presacral neurectomy can be offered to treat midline pelvic pain. However, recurrence of symptoms of pain will occur in a large number of women after conservative laparoscopic surgery. Hysterectomy with or without oophorectomy provides a longer-term benefit, although this may not be acceptable for women desiring future fertility.
